Comprehensive analysis of expression and function of 51 sarco(endo)plasmic reticulum Ca2+-ATPase mutants associated with Darier disease.
We examined possible defects of sarco(endo)plasmic reticulum Ca2+-ATPase 2b (SERCA2b) associated with its 51 mutations found in Darier disease (DD) pedigrees, i.e. most of the substitution and deletion mutations of residues reported so far. COS-1 cells were transfected with each of the mutant cDNAs, and the expression and function of the SERCA2b protein was analyzed with microsomes prepared from the cells and compared with those of the wild type. Fifteen mutants showed markedly reduced expression. Among the other 36, 29 mutants exhibited completely abolished or strongly inhibited Ca2+-ATPase activity, whereas the other seven possessed fairly high or normal ATPase activity. In four of the aforementioned seven mutants, Ca2+ transport activity was significantly reduced or almost completely lost, therefore uncoupled from ATP hydrolysis. The other three were exceptional cases as they were seemingly normal in protein expression and Ca2+ transport function, but were found to have abnormalities in the kinetic properties altered by the three mutations, which happened to be in the three DD pedigrees found by us previously (Sato, K., Yamasaki, K., Daiho, T., Miyauchi, Y., Takahashi, H., Ishida-Yamamoto, A., Nakamura, S., Iizuka, H., and Suzuki, H. (2004) J. Biol. Chem. 279, 35595-35603). Collectively, our results indicated that in most cases (48 of 51) DD mutations cause severe disruption of Ca2+ homeostasis by the defects in protein expression and/or transport function and hence DD, but even a slight disturbance of the homeostasis will result in the disease. Our results also provided further insight into the structure-function relationship of SERCAs and revealed critical regions and residues of the enzyme.